INTRODUCTION
The gap between supply and demand for donor kidneys is greater in Asian countries due to the shortage of deceased donors with similar cultural backgrounds; therefore, living donors are a major source of kidneys for transplantation. ABOincompatible kidney transplantation (ABOiKT) is an alternative option to ABO-compatible kidney transplantation (ABOcKT) in Korea and other Asian countries. However, ABO incompatibility increases postoperative infection rates due to preoperative conditioning, including the use of anti-CD20 antibody (rituximab) and plasmapheresis [1] .
Following successful ABOiKT, use of rituximab without sple nectomy reduced postoperative complications. However, several studies illustrated the higher risk of postopera tive infection following desensitization in ABOiKT patients [2] [3] [4] . Recently, reduced rituximab was reported as a successful strategy for decreasing the incidence of postoperative infections [5, 6] . However, there is still no consensus protocol for reducing infectious complications following ABOiKT. In the interim, modifying the ABOiKT protocol according to ongoing clinical experience may help reduce postoperative complications.
The purpose of this study was to compare infectious complications in ABOiKT recipients with those in ABOcKT recipients. In addition, the risk factors for infectious complications and those associated with ABO incompatibility were assessed.
METHODS

Study design
This retrospective, observational study assessed data from the electronic medical records at our hospital. The examined base line characteristics included patient age, sex, relationship to the donor (e.g., relative or unrelated), number of human leukocyte antigen mismatches, prior transplant history, history of receiving immuno suppressants, cause of end-stage renal disease (ESRD), and cold ischemic time. To determine the incidence of infec tious complications, cytomegalovirus (CMV) and BK virus infec tion, pneumonia, and urinary tract infection (UTI) were also considered.
The study protocol was approved by Asan Medical Center, Institutional Review Board (IRB No, S2012-1025-0007).
Study population/inclusion and exclusion criteria
A total of 418 living-donor KTs were performed for ESRD at our institution between January 2012 and June 2013. To re duce compounding influences, we attempted to remove all factors that affect infectious complications, except for the ABO status. Exclusion criteria were the following: other organ transplantations, such as the liver or pancreas; sensitized recipients who needed preoperative conditioning (e.g., complement-dependent cytotoxicity [CDC]-positive, T-or B-flow cytometry cross-match positive); and pediatric patients. After exclusion, 79 ABOiKT and 260 ABOcKT recipients were included in the final cohort (Fig. 1) .
Definitions of infectious complications
CMV disease was defined according to evidence for localized CMV infection (e.g., CMV inclusion cells) in biopsies or other appropriate specimens (e.g., bronchoalveolar lavage, relevant symptoms or signs of organ dysfunction that were most likely not due to other causes). The definition for viral syndrome was consistent with the current recommendations of the American Society of Transplantation for use in clinical trials, and > 1 of the following criteria were required: body temperature ≥ 38 o C; new or significantly increased malaise; leukopenia (WBC count < 3,500/L); atypical lymphocytosis (i.e., ≥5%); or thrombocytopenia (platelet count < 100,000/L). Clinically significant CMV antigenemia which was needed antiviral therapy was defined as ≥50 antigen-positive cells/200,000 leukocytes at our medical center with or without symptom. BK nephropathy was defined according to evidence of BK disease on graft kidney biopsies [7, 8] .
In kidney transplant, there are no clear recommendations about whether or not to treat asymptomatic bacteriuria [9] . However, frequent episodes of asymptomatic bacteriuria have been found to be associated with development of acute allograft pyelonephritis and acute rejection [10] . For this reason, we treated all bacteriuria with or without symptom. Therefor in this paper, the UTI was defined as all bacteriuia.
Monitoring of CMV and BK virus infection
CMV antigenemia was assessed using the Complete CMV pp65 antigenemia IFA kit (Argene, Varihes, France). The CMV antigenemia tests were performed at 1, 2, 3, 4, 6, 8, 12, 16, 20 , and 24 weeks postoperatively, and annually thereafter. The BK viral load in the blood was determined using a quantitative polymerase chain reaction (PCR). Blood PCR was performed again at 2, 12, 24, 36, and 48 weeks postoperatively, and annually thereafter.
In Korea, >95% of kidney donors and recipients are positive for CMV IgG antibodies [11] . At our medical center, universal CMV prophylaxis is not performed, and ganciclovir is only administered to CMV IgG antibody-positive donors and CMV IgG-negative recipients. UTI and pneumonia were defined as the need to prescribe antibiotics for accompanying symptoms. All patients who developed ≥ 1 infection were registered. 
Immunosuppressant protocols
Conventional immunosuppressive therapy administered to ABOcKT recipients at our institution consists of induction with an interleukin (IL)-2 receptor antagonist (20 mg basiliximab) and a calcineurin inhibitor (CNI; cyclosporine or tacrolimus), an antimetabolite (mycophenolate mofetil [MMF] or cyclophosphamide), and a steroid (methylprednisolone) (Fig.  2 ). Steroids were administered at a high dose during the first week after KT and serially reduced to 4 mg twice daily until the second week. Twenty-four recipients who wanted their steroids withdrawn received rabbit antithymocyte antibody (thymoglobulin) as the induction therapy, rather than an IL-2 receptor antagonist followed by a CNI and antimetabolite, and the steroid was withdrawn over the first 7 days and then stopped. Thirty-one recipients did not receive induction therapy, and the other immunosuppressant protocols were the same as those administered to the IL-2 receptor antagonist group.
Two weeks before the transplant, all ABOi recipients received anti-CD20 antibody (200-mg rituximab). The patients were admitted 1 week before transplant and received plasmapheresis to reduce the anti-ABO antibody. Most recipients received plasmapheresis 4 to 5 times (range, 2-9 times) until the isoagglutinin anti-ABO antibody ratio was ≤1:4. A CNI (i.e., selective cyclosporine, if the patient was ≥55 years old), antimetabolite, and steroids were started with plasmapheresis. All ABOi recipients received an IL-2 receptor antagonist as part of the induction therapy. The MMF dose was reduced in all ABOi recipients from 1.5 g/day to 1 g/day at one week after transplant. We did not administer intravenous immunoglobulin for desensitization to any patient.
The target trough level for tacrolimus was 5-8 ng/mL during the early postoperative period, but this was decreased to 3-4 ng/mL after one year. The target trough level for cyclosporine was 100-150 µg/L, and this was gradually decreased after 3 months in the ABOc and ABOi recipients. Episode biopsies were obtained when rejection was suspected due to serum creatinine elevation or proteinuria. Acute cellular rejection and acute antibody-mediated rejection were analyzed according to the 2013 Banff criteria [12] .
High dose acyclovir was used for prophylaxis of herpes infections regardless of ABO compatibility (Fig. 2) . Trimethoprim-sulfamethoxazole was used for prophylaxis for pneumocystis jiroveci pneumonia in all cases.
Statistical analysis
The results were expressed as the mean ± standard deviation. Student t-test was used to compare the results of the quantitative assays, and the chi-square test was used to compare categorical variables. Parameters independently associated with infectious episodes were identified using univariate and multivariate binary logistic regression analysis. Variables that were statistically significant at a 10% level according to the univariate analysis were included in the multivariate model. Differences were considered to be significant for P-values < 0.05. Statistical calculations were performed using IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA).
RESULTS
Among the 418 living-donor KT recipients who were treated between January 2012 and June 2013 at our hospital, 79 ABOi and 260 ABOc recipients were analyzed after excluding sensitized patients and patients who had previously received other organ transplants (liver or pancreas) (Fig. 1) . The demographic and baseline characteristics of both groups at the time of transplant surgery are compared in Table 1 . There were no significant differences found in terms of age, sex ratio, causes of ESRD, dialysis period, number of transplants, or cold ischemic time between groups and immunosuppressant trough level. The number of HLA antigen mismatches was somewhat less in Byung Hyun Choi and Duck Jong Ha: Higher infection rate in ABO-incompatible kidney transplantation the ABOc group because there were more unrelated donors in the ABOi group and most of the unrelated donors to the ABOi recipients were spouses.
Regarding the use of immunosuppressant agents, the CNI ratio (tacrolimus vs. cyclosporine) was similar between groups, although MMF was higher in ABOi recipients than ABOc recipients (98.8% vs. 83.1%, respectively). In most donors and recipients, the presence of CMV IgG antibodies was preoperatively noted (99.7% of donors and 98.9% of recipients). The mean follow-up period was 19.5 months (range, 12-29 months) in the ABOi group vs. 20.5 months (range, 12-29 months) in the ABOc group. Regarding the postoperative clinical outcomes, there were 2 graft losses in ABOcKT patients. Acute cellular-and antibody-mediated rejections totaled nine ABOi patients (11.4%) The donor was positive for CMV IgG, and the recipient was IgG-positive. b) The donor was negative for CMV IgG, and the recipient was IgG-positive.
c)
The donor was positive for CMV IgG, and the recipient was IgG-negative.
and 38 ABOc patients (14.6%) (P = 0.578). Intervention-requiring surgical complications, e.g., hematoma, lymphocele, wound infection, and wound dehiscence, developed in four ABOi (5.1%) and nine ABOc recipients (3.5%) (P = 0.510) ( Table 2 ). Serum creatinine levels were similar, demonstrating mean values of 1.07 and 1.25 mg/dL between groups during the postoperative period, and ABOiKT was not inferior to ABOcKT in terms of graft function.
We also compared infectious complications between groups. UTI developed in 7 (8.9%) and 26 ABOi and ABOc patients (10.0%), respectively (P > 0.999). Pneumonia developed in four (5.0%) and 10 patients (3.8%), respectively (P = 0.752). Herpesrelated diseases, such as herpes zoster and chickenpox, developed in 8 (10.1%) and 13 patients (5.0%), respectively (P = 0.082). CMV infection was similar. Antigenemia positivity was noted in 21 (26.6%) and 78 ABOi and ABOc patients (30.0%), respectively (P = 0.672). Clinically significant CMV antigenemia (defined as ≥ 50 antigen-positive cells/200,000 leukocytes at our medical center) developed in 4 (5.0%) and 12 patients (4.6%; P = 0.771), respectively. All the patients of clinically significant CMV antigenemia were treated by ganciclovir for at least 2 weeks. CMV disease or syndrome developed in 2 patients (2.5%) in the ABOi group and 5 patients (1.9%) in the ABOc group (P = 0.667). Positive BK blood PCR results were noted in 15 ABOi patients (19.0%) and 56 ABOc patients (21.5%) (P = 0.752). The incidence of a viral load ≥ 4 logs, which is regarded to be within the threshold for clinical significance, did not differ between groups (6.3% vs. 8.1%; P = 0.810). BK nephropathy developed in 1 patient (1.3%) in the ABOi group and 6 patients (2.3%) in the ABOc group (P > 0.999). The earlier detection of CMV antigenemia and BK viremia was noted in ABOiKT recipients, but this finding was not statistically significant.
In a previous study, we examined the effect of immunosuppressant protocol modification [1] . Before modification of the protocol, we used a higher dose of rituximab, a CNI trough level, and a high dose of MMF (Fig. 3) . After modifying the immunosuppressant protocol, the incidence of infectious complications (e.g., UTI, pneumonia, herpes-related disease, CMV, and BK) did not differ between ABOiKT and ABOcKT patients, although overall infectious complications still Byung Hyun Choi and Duck Jong Ha: Higher infection rate in ABO-incompatible kidney transplantation occurred more often in ABOiKT recipients (39.2% vs. 18.5%; P = 0.04) ( Table 2 ). Based on the rate of delayed discharge after kidney transplantation or readmission due to infection, severe infections did not occur more often in ABOiKT recipients.
Univariate analysis was performed to detect the factors that affect infectious complications in all KT recipients, and ABOincompatible status, female sex, advanced age (≥60 years), >3 HLA antigen mismatches, rejection episodes, treatmentrequiring surgical complications, and a long, cold ischemic time (<60 minutes) were found to be positive predictive factors ( Table 3 ). In addition, female sex, advanced age, rejection episode, and surgical complications were significant factors according to multivariate analysis (P < 0.05). ABO-incompatible status tended (hazard ratio [HR], 1.742) to result in infectious complications (P = 0.056). Surgical complications were the greatest risk factor for postoperative infection (HR, 4.635; P = 0.018). Advanced age and rejection episodes were also highrisk factors for infectious complications (HR, 2.503 and 2.281, respectively).
DISCUSSION
ABOiKT is no longer considered challenging by experienced transplant centers. Based on the reported short-and long-term outcomes [6, [13] [14] [15] [16] , ABOiKT demonstrates similar rejection and graft survival rates as ABOcKT if early postoperative morbidity can be overcome. In our current study, ABOiKT recipients demonstrated surgical complications comparable to those of ABOcKT recipients and similar acute rejection rates and graft survival during the short-term follow-up period. Regarding graft function, creatinine levels were similar at all times during the postoperative period in both ABOi and ABOcKT recipients.
However, postoperative morbidity is the Achilles heel of successful outcomes. In 2011, Habicht et al. [2] reported that ABOiKT demonstrates more infectious complications than ABOcKT. During the initial period, we also noted a higher rate of infectious complications, including mortalities [1] . More recently, Lentine et al. [3] reported an increased risk of early postoperative complications following ABOiKT. They also analyzed national data and concluded that ABOiKT demonstrates a higher risk of infectious and hemorrhagic complica tions. Even though they analyzed a huge database that provided a high rate of statistical power, the data also had some limitations. Because every transplant center has its own ABOiKT protocol, the characteristics of the national data were heterogeneous. The national data exhibited a general trend, but [3] .
In contrast to the national data, our current data are homogeneous. We excluded other organ transplantations, such as liver or pancreas, sensitized recipients (e.g., CDC-positive, T-or B-flow cytometry cross-match positive), and pediatric patients. We evaluated the cohort that was treated using the same immunosuppressant protocol between January 2012 and June 2013, and analyzed ABOi and ABOcKT, which were performed during the same time period. This is a short period of time to evaluate long-term graft survival, but it is sufficient for evaluating infectious complications.
At our medical center, 184 ABOiKT procedures were performed between February 2009 and June 2013. Despite using rituximab without splenectomy during the initial period (2009-2011), ABOiKT recipients developed more infec tious complications, including mortalities, than ABOcKT recipients. Since January 2012, we have used a modified immunosuppressant protocol, i.e., reduced rituximab and MMF doses, selective cyclosporine administration in older recipients (≥55 years), and prophylactic antiviral agents (Fig. 2) , thus reducing the infection rate. In our present analyses, ABOiKT recipients were included in the cohort that received the modified protocol [1] .
Regarding preoperative preparation, differences between the ABOi and ABOc transplants included rituximab, plasmapheresis, and the early use of immunosuppressants, including MMF, in ABOiKT recipients. There were no differences in the CNI levels between groups. MMF is reportedly associated with CMV and BK infection [17] [18] [19] . Following our initial experience with postoperative infectious complications, we reduced the MMF dose and used acyclovir to prevent infections, as administering rituximab for the induction is considered a risk factor for herpes-related diseases in KT recipients [20] .
After modifying the immunosuppressant protocol, the incidence of infectious complications, such as UTI, pneumonia, CMV, and BK, did not differ between ABOiKT and ABOcKT patients, although overall infectious complications still occurred more often in ABOiKT recipients. One of the most important description factors was herpes virus infection. Even though statistical differences were not found, herpes virus infections occurred more often in ABOiKT recipients. The postoperative rate of infectious complications including herpes virus infection could also have improved due to other modifications, such as reducing the rituximab dose or use of acyclovir. However, the complete removal of effects that result from preoperative conditioning, including rituximab and plasmapheresis, cannot be easily achieved, but only minimized.
Univariate analysis was performed to determine the risk factors that affect infectious complications in all KT recipients, and ABO-incompatibility status, female sex, advanced age (≥60 years), >3 HLA antigen mismatches, rejection episode, treatment-requiring surgical complications, and a long, cold ischemic time (≤60 minutes) were considered predictive factors by multivariate analysis. According to multivariate analysis, female sex, advanced age, rejection episode, and surgical complications were also significant factors. As previously reported, female KT recipients demonstrate a greater UTI prevalence than males [21] . Advanced age is not only a risk fac tor for infection, but also a risk factor for mortality in KT recipients [22] . The treatments for rejection, such as high-dose steroids or biologic agents, as well as plasmapheresis, are also well-known risk factors for infection. In our current study, the most powerful factor that affected infectious complications was intervention-requiring surgical complications, including surgery and radiologic modalities. ABO incompatibility demonstrated a low HR (1.742) among all evaluated risk factors, with borderline significance (P = 0.056). ABO incompatibility was still a risk factor, even though the risk was decreased. However, according to readmission or delayed discharge rate reports (Table 2) , ABO incompatibility might not be a risk factor for infectious complications sufficiently serious to avoid kidney transplantation.
This study had several limitations. First, this was a retrospective study. The immunosuppressant protocol for ABOcKT was not the same for all recipients, especially for antimetabolites. Moreover, the number of transplants was not large due to the one year to one and half year recruitment period data available from our center. Studies on larger cohorts with longer follow-up periods are warranted in the future.
In conclusion, ABOiKT still demonstrates a higher rate of infectious complications in comparison with ABOcKT. However, it was not a major hurdle to performance of ABO-incompatible kidney transplantation.
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